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Meee 25 ecvel to \loe,N,; if a tre= 1s balanced. 


Meee aS Feieht of @ comzlete viner 


Ses 
ct 
les 
iD 
iD 
= 
ts 
ct 
iS: 
ee 
3 
oO 
tls 
(D 
ih 
ws 
n 


td 


Mapes ocOm@pl°oWwe birdry tree of beifsht hh has at mest 


moaces is Sesto | «fhe fos ea eet L whien is a 
Peqgmecric s2ries with sur oe uh ie Thea ete! Nut ae at 


pec gee Ne = 100 (2 —iec ah sf 


Sees, | 6 Page 6 6eXECUtion «€06of a lr 


(D 
oO 
o 
3 
in 
pe 
< 
(p 
73 
3 
oO 
? 
(D 
= 
4 
‘D 
= 
iD 
© 
S 
bt 
“3 
1D 
in 
(u 


en) 


ic 


= 
Wn 
o 
3 
in 
2 
«2 
ad 
fey) 
| 
$a 
D 
os 
d 


Simedis oer cf irter-key corr 


Bree ciemera=rcy of ef eleorithroweulc be equal to Cs 

Gegecmiyter—rey cotmperisons end F'lez N! tires inter-kesy 
Z 

amewemees 12 the worst case. 


iM 


t> 





DerIWIT iON: A neép is e hinary tree with snore srecial 


ctl 


uw 
US| 
QO 
ied 
(D 


ia] 


eee = eer Se fe an « enly if it ’sat 


pe 


< # 


ts 


eg tho 


PovLlomane cerditiors. 


q 
fw 
~— 
Oi 
Ou 
< 
om 
tu 
(Dd 
FQ 
3 
(D 
(D 
— 
~~ 
=<* 
te 
ctr 
5) 
D> 
3 
pe 

YX 
coal 
ct 
Nn 
oO 
“3 
— 


Eyeeiee vricrity et any nod@ is sreater thar or equal te 


Piemeorioritvy et ach of its sors (if it has ény 


eee Se eA 1 OMe Zeans arte not difficult te irrlerert. A deta 


cy 


meee two- 2rney is use¢ te implement the heacs. If 4 is an 
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ieee nrean f is usel te implement ths hean, the serend 
Gueeeereror = the deficition of the head can “Ye formalized as 
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Mee = A 2i+l) for (1 <= 1 <= j/2) 
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eee rtie. 8ne aelzorithr for the siftun orocess is giver 
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Re@t.esaeve it in another aie emt put the last ltemein the 
first position. Decrease the number of iters in the heap by 
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The Gueoritam fOr =siftdown is Ziven below. Figeure 5 
memustrates the deéletior process. 
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meee, ofl lest lters before the siftdowr process. 
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Figure 7 
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Demeeets, ara tae Children, witn the proviso that, for é« noue 
ROME cSt, tts COde number must lie in thn range 1 te uN, 
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1) perent(n) = (n + k -2) @iv & 
Pee eee worie = ear 1) + i Hite (Por 1<Hi<=x} 
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Sm cary tree: 
iy Meesemt(n)=(n = 2 -2) diy 2 =n iiv 2 
meeeeleamincnildeof(n)= 24-1) + 1 + 1 = 2: 
meee) tient child of(n)=2(r-1) + 2 +1 = 2n + 1 

Geemeelaticn {ii} can be proved by induction cr a} 
menen=1, Clearly toe lert caili is at 2 tizless 2 > it ir 
Meepcen case i has no left child. 

Bommedosume wunet forall j, 1 <= j < n, left childaij) is 
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Moke wo nOCES immediately prececine left child of (rc) 
in the representation ere the rignt cnild of (n-1). ard tne 
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Beesiisem@e: a cChereacteéristic of the owl One ret lone. co 
Meeeeers. :.€., parert(2n;=2n div 2=r and (2n+i) @iv 2:r, 
Me ower d 20r 1 civ 4% can Ge defined es tae flecr of rf, 
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Peieateenelatior (1); follows rrom (ii} ana (iii). 
true because of a characteristic c? the “aiv’ operation on 
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Miser TiOh: Let s assure the array A is alreaiy creetei ane i 
ieee t MG i tO indicat©® current last vosition in t: 
Memon repos hSert the Mew item, first put it in tee currert 
MeesromemoSitlOG Cf tre erray, and terminet® synbel zere in its 
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Meer ecure SIPLLORN to Satisfy the F-ary property. Figur: 


mlebustrates the aeléticr process fren figure 7. 


PROCEDURE SIFTDOUN(m,z) 
Peomectart Mita root m, ard last item z. */ 
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meet? LS a leake rode Trin exit 


fime the larzest sor of fF. 
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Perec einsertion of priority 9 into fig.7 and before siftup. 
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Figure 8 











pieeem deletion of highest item from fig.7 and before siftdown. 





After one siftdown operation. 





After second siftdown operation. 
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Pecr:. singe, the rnumser of nedes on the successive levels 
Rok Ube seo loWS a SECNSLS ic DIrm@eressicrs 1, 
Mp ew ew, ...t , tne total number of refes, VY, in @ covrplete 
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eee = 6OINSERTICON WORST CAST ANALYSIS: "his aralysis is 
Meee SiTiler te the insertior werst case analysis c® the 
Meee. 27e only difference is she depth of tne tree which 
would te ecuél to d= Lloz, Ni weere eS the. desrec ees ate = 
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tree ery N Goofs srueber of ters -in “4% 


Mesertion. Fases cf legaritnms can v2 changed to base 2 by 
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log N = ----4--- 
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PmiicnN: A single jinxed list is a finite seauence of 
Mmomes SUCH tnet each kas a pointer field contains a vointer 
meetme next rode(i2]. 

meumpcomrcer CO the list, i.e., to the first nede,. is 
memeecderaCNi, acd og pointer to the last node, is called 


Peek. The priorities are arranged in decreasing order from 
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merece limk field contains the pointer to the next node, 
Seeeeorricia contaizs tre priority of the iter. -nitielly, 
Meaewempty linzed list contains only tne empty pointers SHORT 
peo "PAGw@. Fiztire 12 illustrates the single linked list with 


eometews ir it. 
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Demmcmmcicmiete of inserticn, the nighest item will be ling 
ee eee. Sieure 1] illustrates the insertion operatior. 
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Seeee- 2 Rew node erc initialize 
iMeeeor. ~7( FRONT) < priority(%) TIE: 
link(X)=FRCNT 
22 GWT =x 
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Seomee tice rode with tne larzest priority less ther 
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fmt is reacned te the EiC% TEEN 
aie ( Bee } =k 
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ELSE 
Me = the peiater to the vretecessor cf thet sven 
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Figure 14. Insertion process of 10 into figure 13. 
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Figure 15. Deletion process from fig. 13. 
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Figure 15. Deletion process from fig.13(continued). 
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a 


roa] X, whose dSalarce factor was already -1. Bie. aleayT iets 


ama 2xeeole is siown telow. 


Bone mel ON ; 











ie: |OUCUk MPS hoe iret eer ert se btres cof the left subtree 


t+ 


Of ©, where # is tre nearest ancestor cf the rcde *, whose 
Seemerece fector wes already -1. The alecritnm and example is 
shown odelow. 
ee ROTATION ; 


fe Dabence(P) = -1 and balarce(left(P)) <s -1, where P 


ce temo ster’ to A. Ot / 





ERR eye tor. On Px 


Pleur= ce 





suotree 


ct 


Mee A 1S inserted in the right sudtree of the rieh 
Meh, where 4 is the nearest anc2stcr of the ncde X, waese 


Bemeermce fec?to> wes already +1. fhe eleorithm and eremple is 


Oo 


me FOTATION ; 
7* dalacce(P) = +1 and balence(rizht(P}) = +1, where P 


eo 


is the vointer to A */ 





Eeure 25° 82 Potetion on fF. 





meee eo ls irserteac in the left subtree of the rigzht subtree 
O- A, where A is the ee escestor of tne node), wacse 
BPamame= factor was already =-1. The alscrithm for RL rotation 
end exerple is shown delow. 

RL ROTATION ; 


Pepelerce(P) = +1 and bdbalance(rizht(P)) <> +1, where P 


P2:=left(Pi) 
left(Pi):=right(P2) 
Ben (Pe): =P 1 


Pieot(P):=left(Pc) 





breure <> 4 Rotetion cnr -. 





na lance(F)=2 ani 


thrice. 


Mest aor 
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MESH tk riert sor 
T2@e=true TEEN 
CASE belence(P) 


Veaalenc 


—1:belance(?)=2 and 


o>) 
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R=feals 


7 7° 


Beemer ow lta X 15 UrSerted into the AVL-TPFE with 
Boaerw1.1 the suorrse Heient nas increased. */ 
[ieee 1s learenods TPN 
emeete newercde ard iritialize. 
set 2 true. 
ELSE 
Peeeeecey(P)  BAEN 
MeSTPT(Y,left son of P,F) 
ce f=true Tan 
CAS® balance(P) OF 
Qa lamee (P )=-1 
1:dalence(P)=@ and F=felse 
=171F balegc=2(tert(P}) = -1 TFN 
eo Ll cotateror Or F 
balancelP)=e 
FLSS 
ome Tica y On on™ )P 
updete valeance(P) and bvalanceflert(P’) 


(0 


B=felse */ 


OF 


G=falss 
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t= 
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Wo = retaticmmor P 
n lanc (ri tien) ) 
update balance(P) and balance(rien } 
ralance(P)=2 ani 48=false 


do noOtHine /* E=false */. 


ELS 
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meieeretausertion =the priority 4 into Ai te> revalargaine 
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“ore rekalancir 
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Mee rr ON: 2 deletion from an AVL-TREE could unbalance it. 


The rebelancine operation remains essertially tne same as 


+ 
Ho) 


Bomeicsertdon. Since the hizhest voriority is alweys et the 
Beeerecest reae ocsitior, cnly LL and EP retaticns ere needed 
to revdelence the tree. A boolean variaole tarareter E hes 


the meaning the height of the subtree has been reauced. 


BMeealeancings Nes to ve cornsidere? only if E is true. 


PEQOCSrURS [FLETE(?,2) 
Mmoemmwr tn roct P and travel thru the right son until the 
Becmest mode is fourd. Remove it and rebalance the tree dy 
meeveliae Deck teru tre reot. */ 

Woes the rigestmest redemand delete it 

ihevel Jack thru the root , and 

Call PATANCE(P,"7) if necessary. 


PAD LSLETeE 


PeOeEPUne PALANCS(F,E£) 
Bemmmesecorcgine is celled if E=trué; the milent Sranch hes 
Gecom@e tess hien. */ 
CASE balance(P) OF 
1: delerce(P)=2 
2: telance(P)=-1 F=false 
semis spalence(left{(P)) <= 9? TEEN 


a0 bb retation 


N 
rn 





Maddie balanrce(’) and belanc2(left(P)). 
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LS? 
ao Lierotetion 
update balarnce(P) and balarce(left(P)). 
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ee RC ERTION WERST CASH ANALYSIS: Ir order to finda the 
eens Fevent of an AVE tree with N rotes, corsider a fized 


hejgrt+(h) ara trv te construct the AVL tree with the ricurum 


nayver Cr nodes. Tee followirg analysis e€peeers in 


est of all, lets take N nodes and attempt te arreree 


Meepeto orctuce the AVI tree c 
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Remleru( sie: cubt seemce 
neizht (h-2) and the least possible rumber to produce a 


Bmeme(ieft) subtree of neiznt (h-1). ‘As 
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Pes Lees 
meelaoae the roct, the heizhnt of the tre= woulda be nh. 
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pisecmcac balance proverts 
feeestoere=s of ar AYL tree, Similer conditions rust hold 
Mem@mcively for the left ani rignt subtress. fFrigure 29 
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Figure 29. 
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meometereger Cf BOl]e> in the left ane right subtrees ¢f the 
Brees ifefieure 29 ere gsiven in table 1. 
number cf Gumoer of WUMDer “Of — hbocracenr 
roaces in codes it nodes ir numoers 
Iereat iiJeft subtree right subtree whole tree 
: c g 7 ¢ 
1 2 i Zz il 
& i 2 a 1 
S 2 a c Z 
‘4 2 fi 2 = 
5 a lee 22 5 
Table 1 


Mmmmiomeeasy tc see thet there is @ recurrecce relétion thet 
meemBeOlLerizeS tne nurdsers in ©acn of tne colurns of this 
mere, namely: 

ee te WiCwe sea gjmecwerd GC y= 2. 


Tose Tecurrenmc® s2ems to ve acles® relative cf the 


meeurremce relatior for the Piponacci sequence (Tre 


_ 


Mmepomecc: aimoers are a sequence cf integer defined by tre 


recurrerce relatior *? a Sor ieee i Wirth “OCurde >y 


7 
Cecltrzons © = 2 and F.= 1 
condition ; n i ) 


ipereeo,econcaring the Flbonacci sequence 
Ce DDG Oe Cle cee es 


LOueth= numbers in tne columns of Table 1 suggests that aS 


Wesyeore  1eSS todn sore correspenii~g Fibonacci nur ober 
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Cy Fs Mer vtais P2ason, the trees cf 





eeme@mRacci trees. Since these Fibonacci trees have the fewest 
meacs e7One all possible AVL trees of aeight a, as indiceted 
perore tne number of rodes in any AVL tree of nelieht h obeys 
ememnelaticn N >= Gy so. 
N >= F mls 
h+3 
Bet the k th Fibonacci number fF is bounie2 below by @ rower 
Memmi inverse of tne “goldez ratio” @= (1+ 98&\/2. It is 
k-2 ; 
meown chat F >= ¢ and rore precisely > & fe aaa 
k 
menace, One can conclude 
+2 é ht+t2 — 
n> o°7fE -Z=n+2>¢ 7{5 
room this, 


+2 +2 = = a 
log, (N+2) > Lory (2 75) - Lozy - Lory fé ao ete Loe fa 


logy (N + 2) + logy {5 Dente. 
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ie BeOrsm Case cccurs if the Key of new item is theeger 


Baoeetnebmeeest key ir the 4Vi-tree, which in tnis cese 


meses or, weeld te ¢dor2> tc the rightmest nots end weuld 
M@E—Dmese Tease the Leight cl the tlrht su»tree ic? e7yery 
Bees tor ar the cath by one. {if ar AVL tree is 
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Since §ths. UievesT 
Demme) t=] Ties vost pecsition, there would not sve an; 
MememeO@pcrisons in order tO rind the highest key in the 
PeYL-tree. 

Pemerror of the highest item Mey reqnire a rotation et 
Pomyemroae alone the ssarch pata. Consicer, for #xanmole, the 
Me-t-leaning Fibonecci tree (opposite of the Fis. 29}, the 
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eornver SVemes and two 2G Seer pc Be in Cees 
Mupeeomen tT atecs. if ther® ere N iters in the queue, reculred 


meeumemers Sdece for infor’ation where, i. is the size of 


I=*crmaticyr et @ackh neds. 
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tree. 


Mmerca 15 0t e leaf nrowe, has two or taree sens, and every 
Seager som th2> root te @ leer is of the ae bene th. 
Bots .stins of 2 sin2zle vertex is also a two-three 
Mmmeeere ce illustrates two differert 2-2 trees stricture. 
me ©2en vertex X which is not a leaf, there are two 


elerert cf fhe 5s 


Brecon. son c* a. 
eee leef level 
the velues of La 


eeperet et tr= reot 


eo Yixe 


analozoaus 


DeCOLGetL ety. Loahae.. ss iS> tke 
ydtree whese root is the léeftrost ¢en 
element of the SuxtrTern whose  roct 
Am. infcrmetion es0ut the oriayities 
Seen iner=asine Order) frecr lett te 
Bt cr veChed  tOnmne vertices eragliec 

eices-arecn fcr “en eeelemeitw in a 
Pyosearcn [1] 


is 


ergeest 
of ae, 
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er MMENTATION =: Facn rode in the 2-3 tree is ir the for; 


Were jert 
Memeeeecceresporncing to the left, leaideines, ann eat 
Seeeensenuts of node. The perent field is e pointer to the 


Pee Geor t2at nede®. Since Seck internal ned] (vertex) hes 2 


Mmmeceicaa net be empty. Fer the rod*s which save 2 sens, tas 
Seem Dol rter ficlés will be nil. The parent field ao” Gack 
Me erent 2 rect can nat be nll. Fecause cniy a reot dees 
mammmpyavestea ner, The intezer fields & ard ™ cortain thes 
MmuecmWyeticns es mentioned abeve. The “HY field contains t74 
Mmeeenrecetior ebeut the criority of iter. The fielis of & ard 
Meee rs] Leel notes are always set to zero erd left. riddls. 


en? riek 
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rd 


Gmmvers ere “always “Set e€qval tovpll. “he SPY 


field ec 


ry 


too int 


iD 


rral nodes(vertices) is always set eaual te 
Mero, jeeeuse the vertices ere not the iter, but only the 
meet )6|6CClOrSsBrust: «the path fror the root to the leaf “odes 


Mer iira tho eynected item. 





fer e TON: fn order te insert the new item irte 2-2 tres, 


the proper place has te be found dy reans of furction 


meee. iS function stétts mexinge search with tne reot F, 


fw 
cay 
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ct 


Memoctority cf new item PRTY. If PRTY is less then L(F) 
teen trevel is made thru the left branch, if PRTY is hetween 
Mmemy ena {P), and the vertex 2 hes 2 sons trevel is rade 
Meese teoemiadle branch, Otherwise thru tre riekt branch. 


mers Searen continues urtil it ses reached the leef roidies. 


Peeeeamalber. © Which points to the fether of these leef nodes 


t-> 


meeTveturne?2 to th: all 


iD 
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Wee pac ced ire. 


ieemeeas Vertex FY bas already twe scns they max2 the new 


meee Ghee ecrrooriete sor of F, ard readjust tae values of L 
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meee Ome tae path frem F to the roct. If F *as already 


iD 


Pere sets Shen Make the new iter the eoprotriatse son cf ® 
Marmechls Orocedgure APMSON tc incorderate F and its four sors 


Memeoee ese. «€6Trec. After the insertior op 


oy 


eras.) the hisnes: 
memoria evi!) be alwevs at the right test vxositicn cf the 2-2 
meeewoleoriyar scr fusection SPASCH ard orecedure ADESON 
mm 


heave been given pbelew. ae Insertion ie illwvustreted in 





meme TON SEARC 


tt} 


(Paty) 
meme er= F is the root, PRTY is the rey of new iter */ 


mee eey sOn of 2 is a leaf TEEN return F 


ELS? 


Bere hes two sons or POOPY (oD) THEN 


~ 


search (PPTY,micdaile(2)) 


aL Sz search (PRTY right(B)) 


+e Vv 


PROCEPERE #TPTSON(7) 
me eemoveeemtire takes 2-7 treawith vertex 2 , which has 
ome sGes cme SCHVerts it inte 2-e tree te satisfy the 


See Tee prover ty by creatine the rew vertices. */ 


create a new vertex Y 
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rareemeeae Soo Of F jmre@yately mito tre rie*t of 


TF Ff row has 4 scons TIEN addson(?F} 





Dee TITOW: This orecess is the reverse of the rerrer by which 
Meeeonmgomy 15 inserted, Procucur]e TELETE finds the rigktrost 
Memeo COS auene, an@ disconect the roirter to tnet iter. 
maemeoece Gee father of tkrat itam. ke can heve three 
merrerert cases in aeleticn process. 
Meee. : Tf F is reot ther rerove Ff. 
Memes +; It * fas three sors, rerove item, new F has tro 
orem © enc = values elone th] neath freer 
hae POO), 
Memos lr © nas two sons , there are two vossibilities. 
Meet (5) is herdled by procedure SUBSCN. 

foopmeee’ 15 Beet, remove iten end F, and leave the 
mewelcines Lert son as the root . 

[eee nets =Ot root; find left broghier of F and call 
Mateo mes tyres sons, rake the rent son cor ! 
lemme SOLO F, €8e gd ustetie tna ed Y vel es tick 
pperncweestorc. [em teis case there] 15 rot any verter 
Mewar, Tere is illustrated ir Pierre tele’. If 2 
Meee COGS. mare the lett sen of F the rie? son 
pate. «15 The siddle sor of its -fether, Just 
fee rie Son Cf 1ts father, and adjust the | 
ee’ yelves. This case is illustrated ir fisure 
creer oe is tes 12ft sor ch 1ts father, it tmeens 
mac oomrora sow “es Orly a Pert sor; fird the 22end- 
eee eee fl UC ie call SVESCN te incererret® . ect 
its fatner into 2-7 treefl1l}]. This case iflustreted 
ioeieor> sec). 





Meme 1S the peirter to the vertex, vhose right som is the 


rereve F ani F:=verent(F) 
hemes soot TE@N rosctt=left(root) EISF svrhson 
aS 
Wael =tft orecteer cf fF 
Mees 2 SONS ~TEEN 
middle(J)s=rieht{s) 
prere( i pe=left(®) 
Saeco one velues thea roct 
pais © 


riswms( J):=ninel>(J) 


te 


peels tee omdevevelues thru roct 





2-3 tree before insertion. 





Jasetree after insertion 5: 


—_——— — new links 


@ new created nodes 
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Figure 32(a). Example for case 3 part 1 of deletion. 
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meeure 322(b). Example for case 3 part 2 of deletion. 





Figure 32(c). Example for case 3 part 3 of deletion. 
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ee NSP ATION WEeST CASS ANALYSIS: It is necessary to 
erpaly@e 2 2-3 tree in we different ways. In tnis methed 
mere would pot be ery xXey exchaneeés, Dut orly the undate of 
mp and M values. Two different worst cases are obtaired as 
Pollowine: 

1) The deepest 2-3 tree on N keys will be constructed ay 


taking the rminumum number of children (twce) ellowed for each 


mmo, 0O, the height of a 2-3 tree with N leaves 1S at fost 


rr 


p 


= Oz, ineeenne COPreagt position for the sewly insertea item 
ipomemorema oy function SFARPCE. In this function, the key of 
mom remem ite=y 5 1S cemoared with the values of vertices. The 
Beet CaSe eccurs if the comparisors ere sade with both L 
peer “at Sech vertex along the pata fror root to tne leaf. 
Moc as]= Tappens if the key of tee mew item is tizger than 
Meme seecrasoitrest kev in the 2-7 tree. Bence, The functicn 
peeeen Calis itself recursively 2 times. Sc. the tctea 

Memoer of key corparisons weuld be 2 ilow Ny. 

perpGgee in this analysis every vertex nas two sons, tre newly 
Paseo Tem would be the tnira ser of the correct verte 
amd we would not need orocedure ADPSON. 

Pemebneswerst Gase for the functicn SEARCH which mentioned 
ioeeeaee (1), would ve also same for this case. The only 
Sueemeremcs 15 the heliert of the tree, namely the tctal 
Bumper of wey comparisons would be equal to ae Ht, Since 
Emer Lex “eS © SONS, after the wnserticm srocess, as mary 
esuenrteca=s neve to be split eS tne snli* oureszresses un to 


mee Coot. 2his is cone by procedure £ILSON. There would ret 





yoemy Sey cOMparisors, Sut it is rnrécessary to upiete L and 


eeeees clone tr] vethy frometae second Bottcmmost level to 


Nn 


the root. In either case O(loe N) is the worst case time for 


em emeortion. 


Poe eee) 6CDEREGTION 6WGaST 6UCCAST ANALYSIS: The heisht of the 


Meenest 2-F tree would be a=) cee, on N keys as menticned 


Mien sMorst “sase aceurs if eech vertex hes two sens. 
Be@euscyeerte> the deletion of the hiehest «ey, the father 
Mowe nierest key would have only one son left. In order to 


mee orperate the left bdbrother of the hiehest rey into 2-é 


Wme>, PPiacedHre SEPSON has te call itself 4d tires. There 
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Seen eC TRUeNT «FOR e2-¢ TREY: In this methoc, all 


Meomonrmett@m e250ut th= iters are 22l4 by the ]|xt]errél xnodes. 
Mme Oce COnvelcS Geur solrvéer fields end three integer 
ereolas. 

P22 #eriuem number of nod2as would be reeded if zacna rois 


@ygea>, NK-l1 internal rcodes are needed; tetal EN-1 odes. Thet 
Manes 5o 29-4 gnointer ficlds and G'-? interer fields. 
The wmirwmur number of nodes woul? bs nesded if eacn rede 
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TiS SMoty prverr: y 
csuene it is -reeied N external nodes, ani N-1 interrnel 
meeecteS 2 Characteristic cf a complete binary tree) .toteal 
Meee oges, if pricrity remsee is froyr 1 to N. Interval nodes 
memo lome-ted as a bit array ard have ar irnformatior bit 
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ee et Cr (2 ARE CER); (* STFTICVN THE ROCT TD *} 
eecoer ect J Tee ieee; |= (* SATISFY Z-ATY PECPEPRTY*} 
EEel! 
Seemeee <= (748-7; Diy % PO (*DC IT CTNTIL LOWEST TEVEL*} 
Pacin 
eee eT —(4-2)3 (7 eee SI RST SON OF TATATO FROM LETT*) 
een ST +1; Cae CONT SCNOCT FXTIE FAGw tse) 
COUNTI=13 
cee ee Om RANT CATT] <> ¢ ) DO {#00 IT UNTIL Toe) 
cee (Meco e RV INTS SYMECL CR FISST. MOST SCN O° PATER R®) 
Pees) > Ad] TEEN’ (* FIND LaARees® San *) 
BECIN 
J:=J+is 
COUNT: =COUNT+15 
BRT 
Bios 
BEGIN 
eo: =o 5 
J2=J+1i 
COUNT: =COUNT+1 
PNT? 
TWD; 
Gee tL) < ALFI°ST] TEs 
EECIN oe Lecce BAeCSe SON Py FATEan. =) 
SeeP:=a(t]: 
A(t] :=a[T1est]5 
A PSl si? ] :=2E wes 
B-="15ST; 
PNT 
ELS? 
ea Meee I (ae eS IN PROP aR PLACE*) 
ENT; 
fee (* END CF PROCEDURE SIFTTOws *) 
meee: Dre DSLBGs; (* PEMOWF THE ELGZEST PEIORITY *) 
PECIR 
mea? TSbe VP ITSLy (Pal, NC ITEM TO PELPSO2"}) 
EL Se 
BECIN 
i a) (Ove FIG-ws 0 P2TCRITY 17 Te tAlth Eee 
aft} s=a Onl; Volo rhc ley IN CUR me Te MIEST PCSUTICN .* 
STN] :=23 (ere ECael Care TeatNe TY SYMECT..*) 
Aco 1s | UPN OUP IP HTS 
eaten 125s ( SI STDOWN TRE FIRST ITEM TQ PFCPEP PCSITICH*) 
ENT: 
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EEOC SHER G POTHT 
VAP NUMSINTESTE: 
UPCIN 
WGMe=15 “SRITEIN( PRT 
meapie NUM <= N+1 OD 
BEC IN 
Mel Te( PET, ALYEM)); 
MoiTE( PBT, ~~): 
NUM e=NUM+13 
ENDS 
END; 
REGIN (*#MAIN*) : 
eye oT Pat Pat, “CCuschr: 
Gael: =C .2f¢C: 
Veo? 
[Ise te 9 
move ( eat, “y24T IS THE 
Bee@one(<): WRITE( PPT, 
wortn yo < PAr-1 FC 
ENGIN 
WetTe(pst, > )$ 
PRATIN(COME); 
eo 
Syecort= T° TEPH 
RUGIN 
Pamy -=RANDOMS 
, — 
Ber The (PRT, Cfaiccv= 
INS TOT(PPTY)$ 
eNT 
TISt 
TT COMD=H°D"% TIEN 
mace epee (3 GeIND 
DRINT$ 
rats 


5 
PECtHiy OF TERER. 2.2 EF 
a? AS 
(7 COMMANT FOR 
DERE. 
ni op (es SCM ieil es 
Tur UITGUFst PRIAMIT 
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(* TEIS THE IMPLEVENTATICN QF A PRIORITY SUECZ EY *) 
@eectic 8 SINGTY TINZFD LIST PROPE2"Y. «a LATA TYRE *) 
(* 2ECoar I§ [SED TC 2TPRESTNT THY NOTES IN TSP CUENE 
PROGRAM SINGLEUING; 
CONST MAX=2293 
PTYPP PTI= NCD: 
ICDP=PFCOND 
LINZ : PTR; 
KEV INTEC TOs 


hry 
ee 
te 


es ONT tf 
mu INTE 
Ce a CFE 
Se ee 
PRP: TEX 


J 
yi 
es 


see Is Aree TOA Ors 


it 
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iB 


ee 


See TTC NI PAnNTAY 


THTEGES; 


PENS 7 ( FRATES 24NDO“ NUMBERS *} 
BEGIN (* RFTWEFPN 1 AND 12322) 
peomme —Sere + 27 .182612 + 21.415917; 
SmeD-=SerD—-TEUNC(S ®TD); 
FANDOM s=1+TRUNC(LNOO*SFED); 
a 
PEeC=PUn® DELSEs: (* BEMGTES TER NODE WITTE ZISSTST PETY.* 
Wee PTET. IN TFET? ; 
PEGI 
Poy = 2 fork 
PoweeN( Pai, tee: IS NO [ley IN THF CUEUR’ 
Btce 
: TT NUM=1 TRON(*TAyRE IS CRLY CNE ITTY IN THE ODEUP.*! 
TPEIN 
EVeo-="2007 .<EyY: 
FOONTS=SNIL; 
pees —N TT; 
maT 
ELS= (*"2rOt fee MORT THAN CNE ITEM IN TRE CUEUT.* } 
ape N 
EQCEs=F20NT SErY; 
TOCNTS=ORONT™ LINZ$ 
PND; 
as (= ENP OOF PPCCETURT DTELFIE.*) 
PPOPEDURE 32ST; 
PIGIN 
iF NuM = ¢ ToeNH 
aa er PRT “Toner TS NO ITReM IN TEP Crvur. 7) 
BLS® 
MoT TREN PRT, “SIGERNST PPIORITY 15: °,FRONT .FY): 
PND: (* BND OF PPCTEDURYT BEST.*) 
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br 


we 
Pa 
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POC maees INSERT; (* AEDS THY WEN NODY TO TEE OT 


ee = 1 TER (* FIRST ITEM CAME IN TET CUEUE.*) 
BEGIN 
NEW(N)§ (* CREATE NEY NODE AND INITIALIZE *) 
R oee =A DOM; 
TRONT?=N3 
PACKS=N3 
Wy .2ANS-=NIL; 
END 
eee ee 22 TS AT LEAST ONE ITEM IN TRE OUFUF.*} 
EG? 
NE®(N); 
N ORGY: =RANDCMS worsen (PRT, PANPOM: * SN okays 
we LINK: =NIL; 
Ws=FDOANT; 
[eevee < N .48Y TURN (FPICESST PRIORITY CAME IN*’ 


END 
PLSF 
[res LINK =e00L TEEN (+ TEROPT TS ANLY ONT ITEM =) 
BTCIN 
Well e=5 ; 
PACTS=N5 
=ND 
BESE (“7S@eor SRF AT LTPAST THO ITEMS IN THE CUEUE*) 
ERC] 
wot (Ww Souun = Nook ty ENN Cy wan < <> FACS) Te 
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PLACT FOR NEW TTTY.% 
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cn 
PLS? (= INSPPT NFW ITEY. aS 4N LAS? ifEr.*) 
FECT! 
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EECIN (3 ‘MAIN cee 
Pee TE (PPT. CCCNSOLE: ” 
Smet: =€ .2¢CCE 5 

RUM: =¢; 


POGUT:=RIL; 

EACK:=NIL; 

Batter Wee < VAX DO 
BPGIN 
@eiTs(PetT.”~ >’): 

PRADIN(COMD): 

sl 


he COYT = G TUR 
PEG IN 
NUMS=NUM+15 
PRSERT; 
EWT 
ELS# 


i Cor = oD) THEN 


ESGIN 
NGM se =NUM—1s 
TELErE; 


DNI 

*LSe EST; ( * 

SPUN; (eS 
By; 


UND, (* END OF MAIN 


< COMMAND FOR INSPRTICN.*) 
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D2SGEraIST TREE 


(= TEIS IS THE IMPLEVENTATICON CF A PRICPITY QUETE BY USINC®) 
eA LUPTIST TREF PPQPPETY, ETCCPD IS USTE TO PEPRESENT HODPS*) 


PONCEAM LEFTIST; 

CONST MAY=1003 

™YDT DTE=NODT} 
NODT=PPONRD 


ot 


COMD:CRAR; 
SBPreRDs 


PROCFLURE INSEFT(PPTY:INTAGRO$ VAR P:PTR: VAR H:ROOL PAN); 
VAD MsDTD; TEMO 7: QW FCGE2; 
Poeey (* INSERT TRE NEY NGDT INTO A LEPTIST T2PT,*) 
jr [BIST = 2@ TURN (*¥ IS TT LEAF NODT 23) 
EFGIN 
©. Ko: =P PRY ; 
regs ea 19 
Te=TPUTre 
fer t:=1 TO 2 DC 
DORTIN (XC DPATY SD TMDTY NADTS TOR Lear Norrs) 
NOW(N)$ 
m «DIST: =¢5 
N .€PV2=95 
mB 2oerTe=s1L; 
w PIGETs=wTT: 
eel = 1 Tamky P .LEPRT:=N 
ELS? Bo CED <=N ¢ 
WNTS 
TNT 
Gust 
fem 225 SS ePPTY TEEN 
BPAIN —ewoggr Sry 1S e1eers Tusyenew TTeM’S pPrty*} 
Remco t eo ucer <= P .2TCRe ,TIS™ . TEEN 
255 Tel (# GO TERU LUT BPAncr *) 
mS me ( DOTY Pp .rTrt uw); 
Se=TATSES (*% INSERTION TSP LEFT Tare NOT PNY LE Brye ey) 
TVD 
FILS? 
POCTIN (* CO TORY SIGET BPANCH *) 
INSEET(POTY P .RIGET,7); 
ioeeecm Tish CON [ST-=P LPI ST + 15 ( INGOrMEyy] net arr} 
pyr? 
a) 
TISr (Cupeemery 15 Tle] Ten rOCT’S REY *) 
BUCTN (ARYOTANCR YEYS *) 
envPs=Pp° 777! 
Beanie =P oT ; 
aT =T ovo? 
MISSET(PETy Pc); 
TNDS 
Pars 
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OC sOE PE PERCE (VAR P1,F2:PTR); (*AFTER TFLPTION 9% 
FAQ PZ-PTR;: (2QQOT VMERCTS Ime TeO STRTRT 
RITGIN 

[ero .brST = 2 TEP pe:=Pi 

BLS T 
fewest oY S PS 22 ry PEIN 
TPGIN 
Pe =P 5 
P2:=P13 
pe = Ps; 
Pevee(Py.Po .LAYT); 
TAD 
eee eye (Pl see WL EFT); | 
momceor .1eon .bicm? < 8COT .RICET .fIst Ter 
See N (SP SCEANCE LEFT AND RIGET SvTBTPTYS* ) 
Pee =POoT .LTPeT: 
Page se": =ROCT .21GE?: 
POOT .2IGH™: =Pz; 
PND} 
ENT; 
meee OUss Dole "E( PsPTE); (* PEMCYES TEP EIGETST IT 
SEGITN 
12) NOY = 1 TCEN 
QacTY 
ee 
weat CPT s=e: 
ROOT .LYPT:=NTt; 
Boot .O1ClT:=NIL; 
ONT 

TLSt 
LoeNoM = 2 THR WeEITEIN( “NO ITP IN TES CURVE”) 
ELST 

for P LEE] kG > P CFIGCET .<FY TaN 

REGAIN (SMAYT LPET SON ROOT AND MEER *) 
ROOT:=P .LE?TT; (* DEFT 8nP RIGHT suEtR ETC) 
Caeee(P pee P .T are Dart); 

TNT 

TLS? 

BPsINn (MATT PIFET SQN ROOT ANT MF2GE *) 
Woerl-=sP° .21G4a7; (* [WPT AND DIGET SUPTPRFTS*) 
Reece’ Pp eT © CR ICET .LEFT); 

END? c 

Tuer ¢ 

FUNCTION RANDOM:INTOCORS (¥CENERATES RANTOM NUMPTR 
SECT 

SHML:= SPREE * 27.122612 + 41.415917;3 

SMPPr-=SFEn -— TECNC(StTT); 

PANTOMs=1 + TPUNC(MAX *¥* STEED); 
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PPIGGEDURS PRINT(TEST:PTP); 
RYCIN 
Peee@'stT .X8Y <> @ TCUN 
QeTIN 
MerZE(*’ *); 
err ecrsst «Ey ); 
PRENT(TEST .Lzrr); 
PeNT(TesT ,RIGet); 
ENT 
Mes? Wettr(‘’="); 
END; 
EFCTN (* MAIN % 
NIM :=23 
SPFD:=44 2202; 
Pe etlLsr; 
NE¥(EOOT); 
Pooe. .DIST:=2; 
Mec? AK FY :=@? 
ROOT .LYPTS=NIL; 
Poos .DIiGiT:=NIT; 
WEILT NUM < MAX TO 
BUSIN 
We. Te ’>”); 
Pee BLN (COMT); 
T= cOMP = “1% TIEN 


NUMs=NUM + 13 

Ee=Fats; 

POTY:=RANDOM; 

WRITEIN ( oe eo Dy) 
INSTET(PPTY ,FOCT, 2) 

PND 
ELS 

me COMD = “°D” TEIN 


NUMS=NUM — 13 
Home Te (ROC) ; 
PNT$ 

PND 
PRMIT(2O0T); 
TND3 
UND, 
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